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CHAPTER 1. INTRODUCTION 
An .age-related decline in immune function occurs with advancing age. A reduction 
in the ability to respond effectively to an infection occurs. This reduction increases the 
incidence and severity of infection, leading to an increase in morbidity and mortality in the 
elderly population (28). This age related decline is largely due to diminished T cell function, 
that adversely affects proliferation, cytokine production, and signal transduction. 
'With age, T cells experience a compromise in responsiveness as indicated by 
decreased proliferation activity to an antigen Or mitogen (8, 22, 24, 26, 27, 36}. T cells 
consist of both helper and cytotoxic cells that are activated by antigenic stimulation. Both 
types of T cells experience clonal expansion and proliferate upon encounter with an antigen 
or mitogen. A study conducted by Effros and Walford found that from old mice cells, the 
magnitude of the proliferative response was significantly lower than in cells obtained from 
young mice. The greatest difference occurred at the peak of the response (8). 
In addition, there is an age related decrease of naive T cells and an increase of 
memory cells. This shift from naive cells to memory cells causes a reduced ability to mount 
a ,response against new antigens, thus increasing. the risk and severity of infection from new 
pathogens. Furthermore, in a study conducted with mice, it was suggested that although an 
increase in memory cells occurs, the memory cell function declines in the aged mice as 
compared to young. As a result, there is also a diminished ability of memory cells to recall 
and respond to previous antigens (28). A study by Chakravarti and Abraham concluded that 
the shift from naive cells to memory cells may contribute to decreased proliferation of T cells 
in the elderly (4}. 
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In addition, naive cells produce more Interleukin-2 (IL-2) in both the old and young 
than memory cells and therefore, the decline in the number of naive cells may result in an 
overall decrease in IL-2. IL-2 is an important cytokine, promoting growth and proliferation 
of T cells. IL-2 is required for continual T cell proliferation. With advancing age, IL-2 
production decreases in mice and humans (22, 24, 26, 28, 36). 
One possible explanation for a decline in T cell activation and IL-2 production is a 
disturbance in signal transduction (4, 28). Age related disturbances in the early stages of T 
cell signal transduction may result in impaired sythesis of the IL-2 receptor protein and IL-2 
receptor gene expression. T cell signal transduction becomes impaired with age in humans 
and mice (4, 16, 23, 27, 28). Antigenic stimulation can be transduced into intracellular 
signaling, via receptors, that eventually leads to cell proliferation and/or production of 
cytokines. During intracellular signaling various chain reactions of molecules occur; any 
disturbance of the molecules can result in decline of T cell functions such as reduced 
proliferation and cytokine production. With advancing age, alterations in the signaling 
pathway can occur such as decreased enzymatic activity of protein tyrosine kinases such as 
fyn, lck, or ZAP-70 and impaired intracellular free calcium influx (9,13, 16, 3 8). 
Furthermore, intracellular signaling is dependent on the successful transduction of various 
extracellular signals. An impairment of extracellular signaling can thus adversely affect 
intracellular function. 
Mitogen-activated protein kinases (MAPK) have been well studied as one of the 
various extracellular pathways that transduces intracellular events (3, 7, 27, 30, 33). The 
activation of mitogen-activated protein kinase (MAPK) pathways decreases with age in 
human and mice (11, 17, 3 7, 3 9). In humans, T cells from 50% of elderly subjects showed 
3 
reductions of MAPK activation (11, 3 7). V~Jhisler et. al. also found that T cells from 40-5 0% 
of elderly subjects showed a significant reductions of MAPK activation compared to young 
subjects. Furthermore, the study by whisler suggested that the age related decline of MAPK 
activation occurs within the MAPK cascade (3 7). 
The amount of total extracellular-regulated kinase (ERK) protein, a member of the 
MAPK family, does not change significantly with age; however, the proportion that is 
phosphorylated declines (42). The current model of how EI~;K is activated begins with 
antigen or mitogen stimulation that activates the T cell receptor (TCR). Signaling to protein 
tyrosines follows TCR activation which leads to activation of Ras, in turn activating, Raf-1 
that activates MEK (MAPK or ERK kinase). Activation of MEK results in phosphorylation 
and increased function of MA,PKs or ER;Ks. Anew model of Ras activation is recently 
emerging that suggests calcium is the key molecule in place of protein tyrosines (2). The 
combined activation of Ras and MEK with calcium influx results in increased cytokine 
production (14). Ras and Raf-1 are necessary not only to activate ERK but also for the 
stimulation of IL-2 production (39). Further, the Ras/MAPK pathway is crucial for IL-2 
gene expression and T cell development (1, 6, 29, 34, 3 5). A~s T cells encounter an antigen or 
mitogen, intracellular and extracellular signaling pathways become activated resulting in T 
cell proliferation and production of cytokines. 
The MAPK pathway plays a crucial role in T cell proliferation and is specifically 
linked to IL-2 production (4, 16, 23). For example, the age .related impairment in ER;K 
activation could hinder induction of c-fos, NFAT, and AP-1 which are transcription factors 
required for the induction of IL-2 (37). IL-2 is important in the proliferation process and 
4 
differentiation of T-cells, and any reduction in IL-2 production may have an overall negative 
impact on immune response (21). 
There are several therapies that may improve immune function with advancing age 
such as vitamins, anti-oxidants, hormones, dietary restriction, and exercise (15). Exercise 
has been studied extensively with promising results in immune improvement and in 
preventing immunosenescence. Chronic exercise has been suggested to be a stimulus for 
improving immune function in the elderly. There are several cross sectional studies that 
investigated exercise and immune function in the elderly. Nieman et. al. found that highly 
conditioned elderly women had superior NK and T cell production when compared to 
sedentary women of the same age (25). A similar study by Gueldner et a1. suggested that T 
cells from older active women who have performed long term moderate exercise eachibited 
higher responsiveness to stimulation in vitro than T cells from a control group of sedentary 
individuals (12). Shinkai et. al. also found similar results in elderly men. Endurance training 
in older males can be associated with improved T-cell function and cytokine production 
suggesting a reduction in the age-related immune function decline (32). 
It has been reported that exercise increases IL-2 production and higher responsiveness 
to stimulation in vitro in aged animals and in humans. Woods et. al. conducted a six month 
study having older adults perform moderate aerobic exercise three time per week and 
measured T-lymphocyte and natural killer (NK) cell number and function as compared with a 
flexibility control group. The findings suggest that exercise produced small increases in 
immune function while the flexibility group remained unchanged (43). Kohut et al. was the 
first to suggest that moderate exercise training, in aged mice, enhanced IL-2 production 
following infection with herpes simplex virus type 1 (18). Another study by Kohut et al. 
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suggested that vigorous activity was associated with a more rapid production of IL-2 in 
humans over the age of 62 (19). Further, Mazzeo et al. found that in rats 27 months old that 
were trained on a treadmill for 15 weeks had a dramatic increase in IL-2 production (20). 
Several studies have also demonstrated that exercise can activate the ERK pathway 
and phosphorylation in humans and mice. Chen et. al. found that training mice on a 
treadmill rapidly activated ERK in the vastus lateralis muscle and there have been similar 
findings in rats (5, 10, 31). It has also been shown that a single bout of resistance exercise in 
young men produced higher phosphorylation of ERIK 1 /2 in the vastus lateralis than was 
produced in old men. There was a decrease in phosphorylation in older men following 
exercise despite having higher resting phosphorylation values (42). In addition, MAPK 
pathways such as ERIK, have been suggested to regulate gene expression in skeletal muscle 
(41). Given these studies, it is possible that exercise may alter ERK in lymphocytes and 
regulate gene expression. 
One purpose of this study is to determine if moderate exercise can improve the 
mitogen induced immune response in humans. It is hypothesized that exercise will increase 
T cell function in response to mitogen as measured by proliferation and IL-2 production. In 
order to further explore mechanisms responsible for an exercise-induced enhancement of T 
cell function, aged and young mice will be used in a second set of experiments that focus on 
T cell intracellular signaling. One mechanism that may explain the increased proliferation 
and IL-2 production with chronic exercise is enhanced T cell signaling, specifically,. greater 
activation of the ER.K p44~K and p42M~ K phosphorylation. It is hypothesized that 
moderate, chronic exercise will increase the activation of the ERK 1 /2 pathway as compared 
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to sedentary older mice and approach a level comparable to young mice following 
stimulation. 
CHAPTER 2. MATERIALS AND METHODS 
Human Subjects 
Twenty-seven adults > age 60 volunteered to participate in the study. A medical 
history form was administered to determine the health status of each subject. Individuals 
with any disorders that may affect immune response were excluded. In addition, persons 
taking medications that may alter systemic immunity were excluded from the study. All 
subjects completed appropriate informed consent forms and the study was approved by the 
Iowa State University Human Subjects review board. 
Analytical Procedures 
Exercise Group Assignment 
Fitness testing for all subjects was performed during December 2000 and January 
2001. The subjects were randomly assigned to either an exercise or control group; exercise 
group (n=14, 7 female, 7 males) and control group (n=13, 6 female, 7 male). Only the 
exercise group performed a maximal stress test under the supervision of a physician. The 
fitness test protocol was specific to an elderly population. 
In December, the exercise group was introduced to the training class and equipment. 
In January 2001, the exercise group began aerobic training. The exercise prescription was 
based on the results of an initial maximal exercise test. The exercise group exercised three 
times per week for 10 months. The subjects began training at a low aerobic intensity (40%-
55% of V02m~) for 15-20 minutes and slowly progressed to more difficult intensities (60%- 
85% of V02m~) for 25-30 minutes. The control subjects remained at their current activity 
level, considered as low activity or sedentary. In Fall 2001 fitness tests were performed 
again on all subjects. 
Blood Collection and Peripheral Blood Mononuclear Cells Isolation 
Thirty-five ml of heparinized blood was collected from each subject pre-exercise 
intervention and again post-exercise intervention. Peripheral blood mononuclear cells 
(PBMC) were isolated from heparinized blood samples by centrifugation over Ficoll-Paque 
HBSS (Life Technologies, Grand Island NY). Cells were counted twice and adjusted to a 
concentration of 4 x 106 cells/ml in RPMI media (Life Technologies, Grand Island N~ 
supplemented with 5% FBS (Hyclone Laboratories, Logan UT) and 100 U/ml penicillin, 
100µg/ml streptomycin sulfate (Sigma Chemicals, St. Louis). Cells were then incubated in 
vitro with PHA (5 µg/ml) and assayed for proliferation and cytokine production. 
Proliferation Assay 
PHA-induced lymphocyte proliferation was assessed with an MTT proliferation 
assay. In this colorimetric assay, PBMC were adjusted to 4x 106 cells/ml and 100 µl of cells 
were plated in triplicate with or without PHA (5 µg/ml) for 3 -days at 37° C in 5% CO2. Ten 
µl of 5 mg/ml of MTT (Sigma Chemical Co.) was added for the last 4 hours of incubation, 
followed by the addition of 0.04 N HCl in isopropanolol. Absorbance was read at a dual 
wavelength of ~ 70 and 63 Onm with an automated microplate reader. The average optical 
density from the triplicate wells was calculated. Background proliferation was determined 
from the wells containing cells and media without PHA. The background was subtracted 
from the average reading obtained in the wells incubated with PHA. 
Assay for Mitogen-induced cytokine Production 
PHA-induced cytokine production (interleukin-2, interferon-gamma, interleukin-10, 
interleukin-4, and interleukin-12) was measured in cell supernatants using ELISA. 
Peripheral blood mononuclear cells (PBMC) were adjusted to 4x 106 cells/ml and 1 ml was 
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added to each well and incubated with PHA (5 µg/ml) in vitro at 37 °C and 5% CO2. Cell 
supernatants were collected at 48 hours (IL-2) and 72 hours (IFN-y, IL-10, and IL-4). In 
order to assay for cytokine proliferation, ELISA kits were purchased from PharMingen (San 
Diego, CA) and the manufacturer's instructions were followed. 
Animals 
Male BALB/C mice were purchased from Charles River Laboratories and obtained 
from the National Institute of Aging colony. Aged mice (n=16) were 16 months of age on 
arrival and 20 months of age at the time of sacrifice. Young mice (n=6) were 2 months of 
age on arrival and 6 months of age at the time of sacrifice. 
Exercise Protocol 
The mice were allowed to acclimate to housing conditions for one week prior to 
experimental manipulation on a 12 hour light:l2 hour dark cycle. Following acclimation, 
aged mice were randomly assigned to an exercise (n=8) or control (n=8) group and young 
mice were randomly assigned to a young control group (n=6). The exercise group was then 
acclimated to treadmill running for approximately 10-15 minutes for 3 days. The exercise 
mice ran on a treadmill under lighted conditions at the end of the 12 hour dark cycle, 5 days 
per week, for 16 weeks with gradual increases in duration and speed. Duration was gradually 
increased during week 1-8 and from week 9-15 mice ran 45 minutes per day. Speed was also 
gradually increased, beginning at 6 m/min and ending at 12-14 m/min. Two exercise mice. 
died during the first 2 weeks of the training protocol (not exercise related) and were replaced 
with 2 of the older control mice through random selection. During weeks 9 and 10 of 
exercise training, two mice died of conditions unrelated to exercise and were not replaced. 
Electric shock was never used during the study. The control mice were housed in the same 
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location as the exercise mice and treadmill. The control mice remained in their cages and 
were exposed to the noise of the treadmill but without actual exercise. 
Viral Infection. 
All mice were infected intranasall with 2.5 x 103 plaque forming units (PFU) of 
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herpes simplex virus I (HSV-1). The intranasal route was chosen to mimic the typical route 
of entry in an upper respiratory infection. Mice were lightly anesthetized with CO2 and 
infected via an intranasal route with 20 µl of HSV-1. Following infection, all mice were 
returned to their cages for 11 days post-infection and the exercise mice did not exercise. 
Symptoms were monitored daily and recorded. One aged exercise mouse died on day 8 post-
infection, 2 aged control mice died on day 8 and 9, and 1 young control mouse died on day 
10. 
Isolation and Antigen-induced anal Mitogen-induced Stimulation of T cells 
Mouse spleens were collected .from mice on day 11 after viral infection. Single cell 
suspensions were prepared with a stomacher. Cells were washed and .red cells were lysed 
with tris ammonium chloride. Cells were counted and plated in 24 well plates at 5 x 106
cells/ml in AIM-V serum free media. Inactivated HSV-1 virus was added to cell cultures at 
an amount equivalent to S PFU per cell. Concanavalin A (ConA) was added to cell cultures 
at an amount equivalent to S µg/ml. Control wells contained media alone. Tissue culture 
plates were placed in an incubator at 37°C and 5% COZ for 2 hours with HSV-1 and 30 
minutes with ConA 
Purification of T cells for Immunoblot 
After 30 minutes of incubation with mitogen, ConA and 2 hour incubation with 
antigen, herpes simplex virus (HSV-1), cells were collected, washed, counted and prepared 
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for purification. Splenic T cells were enriched via negative selection using the. Pan T cell 
isolation kit (Miltenyi Biotec). Briefly spleen cells were incubated with a primary labeling 
reagent, abiotin-antibody cocktail (biotin-conjugated monoclonal antibodies against CD 11 b, 
CD45R, and Ter-119) to remove non-T cells. Subsequently, the secondary labeling reagant, 
anti-biotin MicroBeads (colloidal superparamagnetic MicroBeads conjugated to a 
monoclonal anti-biotin antibody) were added and incubated. Cells were washed and passed 
through the magnetic field of an autoMACs instrument, and the unlabelled T cells pass 
through the column and were collected. After purification of T cells, there were 6 
populations of cells: positive selection (non T cell) antigen stimulated, negative selection (T 
cell) antigen stimulated, positive selection (non T cell) mitogen stimulated, negative selection 
(T cell) mitogen stimulated, positive selection (non T cell) no stimulation, and negative 
selection (T cell) no stimulation. The purity of selected T cells was tested by using flow 
cytometry with PE anti-CD3. The negative selected population contained 90-99% T cells. In 
contrast, the positive selected population contained less than 15% T cells. 
Lysis of T cells 
T cells were lysed in 50 µl of 1 x electrophoresis sample buffer (4 ml 10% SDS, .4 ml 
.S M sodium phoshate, 2 ml glycerol, 1 ml ~imercaptoethanol, 2 ml 1 M DTT, .5 ml 4% 
bromophenol blue, dH2O to 10 ml). Samples were boiled in sample buffer for 5 minutes to 
denature the protein. The samples were sonicated for approximately 1-3 seconds to break up 
DNA and reduce viscosity. 
Determination of Total T cell Protein and Preliminary Experiment 
Preliminary gels were performed on all samples to determine the total amount of 
protein. Samples were sorted according to cell number; the samples with the highest cell 
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number were analyzed first until all samples were analyzed. The range in cell number was 
4.2 x 106 to 3.6 x 104, as the cell number decreased the exposure time increased. Exposure 
times ranged from 30 seconds for the samples with the highest cell count to 10 minutes for 
samples with low cell counts. Samples that had a cell number of 1.7 x 104 or lower had no 
detectable signal for total ERK. 4µl of each sample were used for total ERK. 4µl of a 
lysate prepared from NIH 3T3 fibroblast cells expressing an activated H-Ras 61L was used 
as a positive control marker in each well. The H-Ras 61 L causes activation of the ERK 
pathway. The amount of total ERK was quantified by immunoblotting (see below) using 
NIHImage or ImageQuant so that the amount of sample needed for subsequent comparisons 
could be adjusted to equalize the amount of the total ERK proteins in each lane. A darker 
band produced a higher arbitrary number and a lighter band a lower arbitrary number. The 
arbitrary numbers were then normalized by dividing each value by the corresponding 
exposure times and values for the control lysate (H-Ras 61 L) from each respective image. 
After applying the two correction factors the resulting numbers were used to calculate the 
amounts of sample needed (in microliters) to produce equal total ERK protein bands on the 
final gels by using the inverse values (e.g. 1/final corrected value x 35 µ1= 1/lowest 
corrected value x (X)). 
A preliminary experiment was conducted to probe for phospho-ERK because the 
limited sample amount. A previous experiment conducted for preparation for this protocol 
determined at least 30-40 µl would be required to detect phospho-ERK from mouse 
splenocytes. A sample was chosen that had a higher cell count and a good preliminary 
signal, (young mouse #5, mitogen stimulated, negative selection). This sample was expected 
to yield a strong phospho-ERK signal, but the signal was weak. It was then anticipated that 
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the samples with weak preliminary signals would not be detectable for phospho-ERK. The 
total ERIK antibody was more sensitive; it was decided to use the maximum amount of 
sample and to detect for the total amount of ER~K protein with the hope of detecting phospho- 
ER~K as well. Therefore, the lowest arbitrary value (the most dilute sample) was assigned the 
maximum volume that could be loaded on the gel (35 µl). The volume calculated for total 
ER:K protein was to determine the proportion of lysate amount for phospho-ER:K protein; 
however, because of limited sample and lack of sensitivity of the phospho-ER~K antibodies 
all membranes were then re-probed with phospho-ERA antibodies. Four of the six 
membranes were re-probed twice to ensure there were no detectable phospho-ER;K. Only 
four of the six were re-probed because there were no results with these four membranes and 
the remaining two membranes had the control and positive selected samples. In addition, to 
ensure each membrane was sufficiently stripped, enhanced. chemiluminescence (ECL) was 
performed before antibody incubations. The film was developed and no images appeared 
ensuring all previous antibodies had been stripped successfully. 
Immunoblot for Phosphorylated ERK and Total ERK 
Western blot analysis was performed to determine the total .and phosphorylated forms 
of ERIK (p44~K and p42~K). The lysates were resolved in a 15% SDS-polyacrylamide 
gel. . A low range molecular weight marker was used to determine molecular weights. . 
Preliminary gels were resolved until the bottom molecular weight marker (20.8 kd) was at 
the bottom on the gel. However, there was .not enough separation; the subsequent gels. were 
resolved until the second to last molecular weight m~.rker (28.4 kd) was at the bottom of the 
gel. The gel was transferred onto a PVDF ~ membrane at 100 milliamps for 1 hour. . The 
membrane was blocked overnight using a 5%non-fat dry milk solution in Tween Tris Buffer 
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Saline (TTBS; .0005% Tween-20, 150 n:iM NaC1, S mM Tris, dH2U to 20 L, pH 7.4) with 
gentle agitation at 4° C. The membrane was washed 3 times for 5 minutes in TTBS. The 
membrane was then probed with a rabbit antibody that recognizes -both the 44 and 42 kd 
forms of ERK (total ERK) or with "phospho-specific" antibody (1:250 dilution in TTBS) that 
can detect the hos ho lated i.e. activated forms of 44~ K and 42~'K for 1 hour with p p ry ( ~ ) p p 
.gentle agitation at 4° C (E~:K 1 rabbit polyclonal IgG antibody, Santa Cruz Biotechnology 
#H226 or Phospho-p44/42 MAPK monoclonal antibody, Cell Signaling Technology #9106). 
Different antibody dilutions were tried, 1:1000 and 1:500, but 1:250 produced the strongest 
signals. Following another round of washes of 3 times for 10 minutes, the membrane was 
incubated with a secondary antibody (goat anti-rabbit horseradish peroxidase, Pierce #31462 
or goat anti-mouse horseradish peroxidase, Pierce #31432; 1:5000 dilution in TTBS) at room 
temperature for 1 hour with gentle agitation. The membrane was washed 3 times for 10 
minutes in TTBS. The blot was developed by enhanced chemiluminescence (ECL) 
techniques and for quantification the film image was scanned and amounts of total and 
phospho-ERK quantif ed using the NIHImage or ImageQuant programs. If a sample image 
was overexposed or saturated, a shorter exposure was used of the sample for quantification. 
Each image was quanitified three times and the mean value was used to calculate sample 
amount. As a control, the total amounts of ERK 1 /2 in the treated cell lysates were 
determined on a parallel blot developed with the rabbit antibody that detects all forms of 
E~;K. 
Re-probing PVDF Membrane 
The membrane was soaked in methanol for a few seconds and was washed 3 ~ times for 
5 minutes in TTBS. Following the washes the membrane was placed in PVDF stripping 
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buffer (200 r~~VI glycine, .1 % SDS, 1 % Tween-20, dHZO to .250 ml) and was gently agitated 
at room temperature for 1 hour. The membrane was washed ~ times for 5 minutes in TTBS 
and placed in a 5 %non-fat dry milk solution in TTB S with gentle agitation at 4° C. The 
membrane was washed ~ times for 5 minutes in TT~S and followed by antibody probing and 
ECL techniques as discussed previously. 
Statistics 
Human Subjects 
Oneway ANOVAs were conducted with group (exercise, control) as the factor and 
proliferation and cytokine (IL-2, IFN-y, IL- 10, and IL-4) as the dependent variables pre and 
post training. 
Animals 
A oneway ANt~vA was also conducted with group (old exercise n=~, old control 
n=~, and young n=4) as the factor and phaspho-ERK as the dependent variable. However, 
because the sample sizes were so small the results were not .interpretable. 
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CHAPTER 3. RESULTS 
Human Sub~ec 
Proliferation
There was not a significant difference in proliferation between the control and the 
exercise groups in the elderly subjects prior to training (p = .106); following training the 
difference nearly achieved statistical significance between the two groups (p=.057) as
analyzed by oneway ANOVAs (Figures 1 and 2). 
Cytokines 
IL-2 was higher in the exercise group as compared to the control group; however the 
difference was not significant. (p=.184) as shown in Figure 3. The other cytokines, INF-~, 
(p=.646), IL-10 (p=.927), and IL-4 (p=.63~) also did not show a significant difference 
between control and exercise groups (Figures 4-6). Exercise subjects showed slightly higher 
amounts of each cytokine except in IL-10 where the control subjects yielded slightly higher 
values. 
Animals 
Preliminary Gel Analysis 
Correction factors, as shown in Table 1, were applied to arbitrary numbers produced 
from quantifying the images, thus producing more standardized total protein. amounts as 
shown by less variance in signal strength (Figure 7). Table ~ shows the total ERK protein 
amounts sorted by groups. 
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Autol~~IA.CS Selection 
The positive selection signal was weaker than the negative selection using the same 
sample .and same stimulation condition for three different samples as shown by 
immunoblottng and quantified using NIHImage (Figure 8). 
ERIK 44~ K Phos hor lation p p y 
Each sample was probed for phospho-ER;K; however, only the mtogen stimulated, 
negative selection samples were able to detect phosphorylation. Total ER:K and phospho- 
ER;K are shown in Figure ~. Within the mitogen stimulated samples there are exercise aged 
mice (n=3 ), control aged mice (n=~ ), and control .young mice (n=4). Table 3 shows the ratio 
of phospho-ERK to total ERIK. 
Mitogen, Antigen and Control Comparison 
1Vlitogen stimulated cells produced signals where as antigen stimulated cells and cells 
receiving no stimulation produced no detectable signal (Figure 10). 
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Figure 1. PHA stimulated proliferation in peripheral blood mononuclear cells (PBMC) from 
control (n=8) and exercise (n=7) elderly human subjects were collected prior to exercise 
training. Bars represent mean f S.E. prior (p=.106). Background proliferation was 
determined from the wells containing cells and media without PHA. The background was 
subtracted from the average reading obtained in the wells incubated with PHA. 
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Figure 2. PHA stimulated proliferation in peripheral blood mononuclear cells (PBMC) from 
control (n=13) and exercise (n=14) elderly human subjects were collected following exercise 
training. Bars represent mean f S.E. (p=.057). Background proliferation was determined 
from the wells containing cells and media without PHA. The background was subtracted 
from the average reading obtained in the wells incubated with PHA. 
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Figure 3. Mean f S.E in vitro PHA stimulation of IL-2 production by peripheral blood 
mononuclear cells (PBMC) from control (n=13) and exercise (n=13) elderly human subjects 
(p=.l 84). Supernatants were collected 48 hours after PHA stimulation. 
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Figure 4. Mean f S.E in vitro PHA stimulation of IFN-y production by peripheral blood 
mononuclear cells (PBM~) from control (n=13) and exercise {n=13) elderly human subjects 
(p=.646). Supernatants were collected 72 hours after PHA stimulation. 
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Figure 5. Mean ~ S.E in vitro PHA stimulation of IL-10 production by peripheral blood 
mononuclear cells (PBM~) from control (n=13) and exercise (n=13) elderly human subjects 
(p=.927). Supernatants were collected 72 hours after PHA stimulation. 
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Figure 6. Mean f S.E in vitro PHA stimulation of IL-4 production by peripheral blood 
mononuclear cells (PBMC) from control (n=13) and exercise (n=13) elderly human subjects 
(p=.634). Supernatants were collected 72 hours after PHA stimulation. 
24 
Table 1. Total ERK Protein Quantification from Preliminary Gels 
Samples
Cell 
Count2
Raw Data ERK 
1 /2 amount3
(arbitrary units) 
Exposure 
normalized4
61 L 
normalized5
Volume of 
lysate 
(uL) 
EX5 Con+ 6.4 X 105 18 0.03 0.02 35 
06 Mit+ 1.7 X 105 10 0.02 0.02 35 
EX3 Ant- 2.1 X 105 16 0.03 ~ 0.02 35 
Y3 Con- 2.5 X 105 20 0.03 0.02 35 
01 Ant+ 2.2 X 105 21 0.04 0.03 35 
01 Con- 8.0 X 105 42 0.1 0.05 35 
O1 Mit- 1.8 X 105 28 0.05 0.05 . 35 
04Mit- 6.5 X 105 61 0.1 0.06 35 
04 M it+ 1.7 X 105 46 0.08 0.08 35 
EX2 Ant- 4.9 X 105 59 0.2 0.1 35 
06 Con- 7.4 X 105 126 0.2 0.14 35 
EX2 Mit- 1.9 X 105 99 0.17 0.18 35 
EX5 Con- 5.8 X 105 274 0.5 0.26 35 
Y5 Ant+ 6.4 X 105 313 0.5 0.30 35 
EX1 Ant- 7.3 X 105 299 0.5 0.34 35 
EX5 Ant+ 7.1 X 105 306 0.5 0.35 35 
Y1 Mit- 4.2 X 105 161 0.5 0.4 35 
Y3 Ant+ 2.3 X 105 316 0.53 0.39 35 
03 Mit- 1.9 X 105 221 0.37 0.40 35 
EX5 Ant- 7.0 X 105 453 0.8 0.43 35 
EX2 Con- 5.5 X 105 185 0.6 0.4 35 
01 Ant- 5.9 X 105 498 0.8 0.48 35 
Y3 Con+ 1.7 X 105 314 0.52 0.56 35 
Y2 M it- 5.8 X 105 615 1.0 0.59 35 
Y2 Con+ 6.1 X 105 619 1.0 0.59 35 
04 Ant- 5.6 X 105 267 0.9 0.6 35 
EX5 M it+ 2.5 X 105 532 _ 0.89 0.65 35 
Y3 Ant- 3.8 X 105 223 0.7 0.7 35 
03 Ant- 2.6 X 105 665 1.11 0.82 35 
1. EX=aged mouse exercise, t~=aged mouse ccintroi, ~=young mouse control. The corresponding number was randomly 
assigned to each mouse. (-) or (+) represents the T cell population after autoMA~S selection. 
2. Total spleen cells were counted after the exercise training period and infection but before autol~C~ selection. 
3. Each sample image was quantified three times and the mean vvas taken. 
4. The mean quantification as measured by NIHImage for each sample was divided by the exposure time in seconds and 
multiplied by 1000. 
5. 61 L=a lysate prepared from NIH 3T3 fibroblast cells expressing l~-Ras b 1 L; used as a positive control marker. After 
correcting for exposure the samples were divided by the mean quantification of the 61 L for the corresponding set of 
samples. 
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Table 1. Continued 
Samples
Cell 
Count2
Raw Data ERK 
1 /2 amount3
(arbitrary units) 
Exposure 
normalized4
61 L 
normalized5
Volume of 
lysate 
(uL) 
Y5 Mit+ 2.0 X 105 722 1.20 0.89 . 35 
Y2 Ant- 9.2 X 105 802 1.3 0.91 35 
EX8 Mit+ 9.2 X 1.05. 825 1.4 - 0.93. 35 
Y2 Ant+ 1.7 X 105 643 1.07 1.1.5 28 
Y6 Mit+ 1.8 X 105 779 1.30 1.40 23 
EX8 Con+ 5.6 X 105 674 2.2 1.6 21 
O3 Con- 3.0 X 105 500 1.7 1.6 20 
O1 Con+ 19x105 27 2 2 20 
Y2 Con- 2.9 X 105 537 1.8 1.7 19 
Y1 Mit+ 3.6 X 105 794 2.6 2.6 13 
06 Con+ 7.1 X 105 643 4 6.3 5 
Y1 Con- 13x105 111 7 7 5 
04 Con+ 5.3 X 105 98 7 9 5 
EX8 Ant+ 7.3 X 105 755 4 9.5 5 
Y1 Ant- 17 X 105 200 13 12 5 
Y6 M it- 12 X 105 215 14 14 5 
EX3 Con- 9.4 X 105 104 21 20 5 
Y5 Con- 16 X 105 411 27 25 5 
EX8 Con- 14 X 105 412 27 25 5 
Y6 Con+ 3.4 X 105 298 20 25 5 
EX8 Mit- 42x105 446 30 27 5 
04 Ant+ 12 X 105 433 29 29 5 
Y5 Mit- 12 X 105 554 37 37 5 
Y 1 Ant+ 11 X 105 581 39 39 5 
EX 1 M it- 4.2 X 105 462 31 39 5 
EX 1 Con- 10 X 105 229 46 43 5 
Y6 Ant+ 4.1 X 105 557 37 47 5 
Y5 Ant- 10 X 105 331 66 62 5 
Y6 Ant- 10 X 105 336 67 63 5 
EX1 Con+ 5.3 X 105 804 54 77 5 
Y6 Con- 17 X 105 597 119 127 5 
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Table 2. Total Protein Quantification from Preliminary Gels Sorted by Group 
Samples
Cell 
Count2
61 L 
normalized3
EX1 Ant- 7.3 X 105 0.34 
EX1 Con- 10 X 105 43 
EX 1 Con+ 5.3 X 105 77 
EX 1 M it- 4.2 X 105 39 
EX2 Ant- 4.9 X 105 0.14 
EX2 Con- 5.5 X 105 0.43 
EX2 M it- 1.9 X 105 0.18 
EX3 Ant- 2.1 X 105 0.02 
EX3 Con- 9.4 X 105 20 
EX5 Ant- 7.0 X 105 0.43 
EX5 Ant+ 7.1 X 105 0.35 
EX5 Con- 5.8 X 105 0.26 
EX5 Con+ 6.4 X 105 0.02 
EX5 Mit+ 2.5 X 105 0.65 
EX8 Ant+ 7.3 X 't 05 9 
EX8 Con- 14 X 105 25 
EX8 Con+ 5.6 X 105 1.58 
EX8 M it- 42x 105 27 
EX8 M it+ 9.2 X 105 0.93 
O1 Ant- 5.9 X 105 0.48 
01 Ant+ 2.2 X 105 0.03 
01 Con- 8.0 X 105 0.05 
01 Con+ 19x105 1.64 
01 Mit- 1.8 X 105 0.05 
O3 Ant- 2.6 X 105 0.82 
03 Con- 3.0 X 105 1.61 
03 Mit- 1.9 X 105 0.40 
1. EX=aged mouse exercise, 0=aged mouse control, Y=young mouse control. The corresponding number was randomly 
assigned to each mouse. (-) or (+) represents the T cell population afrer autoMACS selection. 
2. Total spleen cells were counted ai~er the exercise training period and infection but before autoMACS selection. 
3. 61 L=a lysate prepared from NIH 3 T3 fibroblast cells expressing H-Ras 61 L; used as a positive control marker. After 
correcting for exposure the samples were divided by the mean quantification of the 61 L for the corresponding set of 
samples. 
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Table 2. Continued 
Sample, 
Cell 
Count2
61L 
normalized3
04 Ant- 5.6 X 105 0.62 
04 Ant+ 12 X 105 29 
04 Con+ 5.3 X 105 9 
04 Mit+ 1.7 X 105 0.08 
04 M it- 6.5 X 105 0.06 
06 Con- 7.4 X 105 0.14 
06 Con+ 7.1 X 105 6 
06 M it+ 1.7 X 105 0.02 
Y 1 Ant- 17 X .105 12 
Y 1 Ant+ 11 X 105 39 
Y1 Con- 13x105 7 
Y1 Mit- 4.2 X 105 0.38 
Y1 Mit+ 3.6 X 105 2.56 
Y2 Ant- 9.2 X 105 0.91 
Y2 Ant+ 1.7 X 105 1.15 
Y2 Con- 2.9 X 105 1.73 
Y2 Con+ 6.1 X 105 0.59 
Y2 M it- 5.8 X 105 0.59 
Y3 Ant- 3.8 X 105 0.72 
Y3 Ant+ 2.3 X 105 0.39 
Y3 Con- 2.5 X 105 0.02 
Y3 Con+ 1.7 X 105 0.56 
Y5 Ant- 10 X 105 62 
Y5 Ant+ 6.4 X 105 0.30 
Y5 Con- 16 X 105 25 
Y5 Mit- 12 X 105 37 
Y5 M it+ 2.0 X 105 0.89 
Y6 Ant- 10 X 105 63 
Y6 Ant+ 4.1 X 105 47 
Y6 Con- 17 X 105 127 
Y6 Con+ 3.4 X 105 25 
Y6 M it- 12 X 105 14 
Y6 Mit+ 1.8 X 105 1.40 
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61 L EX 1 Mit- Y6Ant+ Y3Ant- Y 1 Mit+ Y6Con+ 04Con- 03Con- Y 1 Con+ Y2Con-
61L EXBCon- EX1Con- O1Con- 03Con- Y3Con- Y2Con- 61L 
P 
Figure 7. Every sample was initially probed for the total amount of ERK protein. Each 
individual sample image was quantified and corrected for varying exposure times and day to 
day variance and converted to microliters as represented by the preliminary (pregel) samples. 
The calculated amount of sample was then used and samples that were to be used for analysis 
of phospho-ERK were probed for total ERK again with the expectation of the bands 
appearing more similar. In the corrected row, the second 61 L was probed with phospho-
ERK antibodies. P=Pregel, C=Corrected 
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EX8Mit+ 04Ant+ Y 1 Ant+ 
Figure 8. Splenic T cells were enriched via negative selection using the Pan T cell isolation 
kit (Miltenyi Biotec). The positive selection was comprised of non T cells such as B cells, 
NK cells, dendritic cells, macrophages, granulocytes, and erythroid cells. All samples were 
probed for the total amount of ERK protein. The negative selection has stronger signals than 
the positive selection samples with the exception of EX8Mit+. 
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Table 3. Phospho-ER.K/Tota1 ERK 
Sam le p 1 
Cell 
Count 2 
61 L 
normalized3
(total ERK) 
61L 
normalized4
(phospho- 
ERK) 
Ratio: 
phospho/ 
total 
Mean 
Ratio 
Ex:2 Mit- 1.9 X 105 3 8 200 5.3 4.11 
EX8 Mit- 4.2x 106 17 60 3.5 
EX1 Mit- 4.2 X 105 29 100 3.5 
O1 Mit- 1.8 X 105 26 100 3.8 4.30 
04Mit- 6.5 X 105 31 80 2.5 
03 Mit- 1.9 X 105 46 300 6.6 
Y2 Mit- 5.8 X 105 48 200 4.2 4.76 
' Y6 Mit- 1.2 X 106 19 80 4.1 
Y1 Mit- 4.2 X 105 37 280 7.5 
YS Mit- 1.2 X 106 15 5 0 3.2 
1. EX=aged mouse exercise, 0=aged mouse control, Y=young mouse control. The corresponding number was 
randomly assigned to each mouse. (-) and (+) represents the T cell population after autoMACS selection. 
2. Total spleen cells were counted after the exercise training period and infection but prior to autoMACS 
selection. 
3. The mean quantification for each sample was divided by the exposure time in seconds and multiplied by 
1000. 
4. Correction Factor 61 L: 61 L=a lysate prepared from NIH 3T3 fibroblast cells expressing H-Ras 61 L; used as 
a positive control marker. After correcting for exposure the samples were divided by the mean quantification of 
the 61 L for the corresponding set of samples 
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61 L EX2Mit- EX8Mit- EX 1 Mit- O 1 Mit- 04Mit- 03Mit-
.~ as as a 
61L 
61 L Y2Mit- Y6Mit- Y 1 Mit- EX2Ant- EX 1 Ant- EXSAnt- 61 L 
YSMit-
PHOSPHO 
TOTAL 
PHOSPHO 
TOTAL 
PHOSPHO 
TOTAL 
Figure 9. Negative selected T cells were probed for the total amount of ERK 
protein and the phosphorylated forms. Samples were stimulated with mitogen or 
antigen. Phospho-ERK was detectable with mitogen stimulation. There were no 
detectable phospho-ERK signals with antigen stimulated T cells although total 
ERK is present as measured by immunoblotting. 
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2 
EX2 
EX1 
O1 
04 
03 
Y2 
Y6 
Y1 
YS 
Figure 10. Negative selection cells (T cells) probed for phospho-ERK. 
EX=exercise old, 0= old control, Y=young control. 
1) Mitogen stimulation(ConA)and 2) Antigen stimulation (HSV-1). 
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CHAPTER 4: DISCUSSION 
Human Subjects 
Diminished T cell function is primarily responsible for an age related decline that 
adversely affects proliferation, cytokine production, and signal transduction. It was 
hypothesized that exercise would increase T cell function in aged humans in response to 
mitogen stimulation as measured by proliferation and IL-2 production. Ma~~eo et al. found 
aged rats that ran on a treadmill for 15 weeks showed significant increases in T cell 
roliferation 20). In the present_ study, before exercise training began, there was no p ( 
difference in proliferation between the exercise and control groups. However, proliferation 
increased by almost two-fold following exercise training, suggesting biological significance,. 
and nearly reached statistical significance (p=.057) which are similar to the findings of 
Ma~.7,eo et al. Cross sectional comparisons of elderly adults also tend to show that more 
active or highly trained adults have greater mitogen-induced T cell proliferation than 
sedentary adults (25, 32). Although other human studies have not detected an exercise 
training induced increase in T cell function, the exercise training time was shorter in these 
studies (12 weeks — 6 months). Our. findings suggest that a longer duration of exercise 
training is necessary (9 months) before improvements in T cell function are detectable. 
Given that T cell function appears to be most compromised by the aging process (23), it is 
possible that exercise training may restore T cell function to an extent that may have clinical 
implications such as reduced incidence and severity of infectious disease. 
Several studies have shown that exercise training in elderly humans and aged mice 
can increase IL-2 production (19, 20, 43). This may be important because aging is 
associated with impaired IL-2 production, and this decline in IL-2 is thought to contribute to 
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impaired resistance to infection in older adults. In addition, Kohut et al. found that exercise 
produced a significant increase of IL-2 production with antigenic stimulation in mice (18). 
The results of the present study suggest that mitogen stimulation may also increase IL-2 
production. The difference in IL-2 production between exercise and control groups failed to 
reach statistical significance (p=.184); however, it does appear that exercise may be 
associated with an increase of IL-2 production. The mean IL-2 production of the exercise 
subjects showed a trend to be greater than the mean of control subjects. Even though this 
trend did not meet statistical significance, it may have biological relevance because IL-2 
promotes T cell growth and proliferation and is required for continual proliferation (22, 24, 
26, 28, 36), and we did detect a nearly significant difference in T cell proliferation. Although 
the IL-2 production failed to show statistically significant differences, the increase in IL-2 
following exercise training may have contributed to the increase in proliferation, thus also 
showing biological significance. 
Kohut et al. reported exercise enhanced antigen (HSV-1) specific Th-1 cytokines (IL-
2 and IFN-y) but found no effect on Th-2 cytokines such as IL-10 in aged mice. Kohut et al. 
further suggested that exercise may have a greater impact on Tcell-mediated immune 
responses than humoral immune responses (18). The differences between groups in the 
remaining cytokines, IFN-y, IL-10, and IL-4 did not reach statistical significance in the 
present study. Exercise subjects showed a trend to be higher than control subjects for IFN-y 
and IL-4. A weaker exercise induced cytokine response may occur because cellular 
activation and signaling due to mitogen stimulation is different than the cellular activation 
and signaling induced by antigen. The previous study reporting an increase in IFN-y used 
antigen rather than mitogen as the T cell stimulus (18). 
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Animals 
Although results of human and animal studies suggest that exercise training may 
improve T cell proliferation and cytokine production, there is little or no knowledge of the 
cellular mechanisms that may be involved. The T cell proliferation response to antigen or 
mitogen involves a complex series of intracellular signaling pathways. Some of these 
pathways have been shown to decline with -age. It is possible that the. exercise-induced 
increase in T cell proliferation involves an enhancement of T cell signaling. Therefore, we 
chose to evaluate the l~1APK pathway in response to exercise training.. It was hypothesized 
that exercise would increase the .activation of the ERK 1 /2 pathway in aged mice as 
compared to sedent<~ry aged mice and approach a level comparable to young mice. To our 
knowledge no other studies have investigated amitogen/antigen comparison between 
exercise and control and old and young mice. As a result, much this part of the study 
involved preliminary experiments in order to find a workable protocol. 
Preliminary gel images show the inconsistency of signal strength between samples 
due to the varying amounts of total protein. Standardization of the samples was necessary so 
the amount of phosphorylated p44~'K and p42~'K detected could- not be attributed to 
varying amounts of total protein present. The preliminary immunoblotting and correction 
factors did reduce the amount of variance of total ERK protein amounts between the samples. 
Another preliminary trial was performed to detect for the phosphorylated forms of E~:K. A 
young mouse sample stimulated with mitogen and had a high preliminary immunoblot signal 
for total E~:K was used. The signal was detectable but weaker than expected as represented 
by an arbitrary number quantifying the darkness of the image bands. Consequently, 3 5 ~,l 
was chosen to represent the lowest arbitrary number. However, because of the large range of 
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arbitrary number (.02-127) a more conservative approach was used. Instead of only the 
lowest arbitrary number receiving 3 5 µl, all numbers below a value of 1.0 were designated 3 S 
µl and then the remaining samples were converted. In addition, an additional H-Ras 61 L 
control marker was placed in the Last lane. This lane was cut off and probed with phospho-
specific antibodies instead of total ERK antibodies. It was expected that a third band, a 
phosphoryiated form of ERK, could appear.. 
Three positively selected samples were probed for the amount of total and 
phosphorylated forms of ERK 1 /2. The positive selection consisted of B cells, NK cells, 
dendritic cells, macrophages, granulocytes, and erythroid cells that should have less E~.K 
protein, thus producing a weaker signal than the negative selection comprised of T cells. 
Flow cytometry showed that the negatively selected cells from the autol~'IACS purification 
were at least 90% pure T cells. All three positive samples had less detectable total Epp 
protein with the exception of one sample (EXBMit+) than the corresponding negative 
selection samples from the same mouse and stimulation condition. This discrepancy may be 
due to the high amount of protein. resolved; the maximum amount of cells (3 S µl) was loaded 
on the gel for this sample while the surrounding lanes were loaded with the minimum amount 
of cells (5 µl). The electric current may have stretched out this particular sample. These 
results suggest the negative selection samples had more total ERK protein as we expected. 
The in vitro activators that were used (ConA and HSV-1) were expected to activate primarily 
T cells. However, phosphorylated forms of ERK were not present in any of the positive 
selection samples. 
It was also expected that mitogen stimulation would produce more phosphorylation 
than antigen stimulation or no stimulation. Approximately 75% of T~ cells will respond to 
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mitogen stimulation and at best 10% will respond to antigen stimulation dependent on timing 
of exposure to recall antigen. The only samples that resulted in detectable phosphorylated 
Ep:K 1 /2 were the mitogen stimulated samples. There were no detectable phosphorylation 
signals for antigen or control samples when probing for the amount of phosphorylated ERK. 
However, the samples were probed initially for the total amount of ERK protein. A 
third band. was present in _samples that were stimulated with antigen and samples receiving no 
stimulation. The third band appears to be aligned with the H-Ras 61 L control marker which 
was probed with phospho-ERK suggesting phospho-ERK is detectable for antigen and 
control samples if probed with total ERK antibodies. Kohut et al. did -find statistical 
differences between exercise .and control groups with antigenic stimulation in humans and 
mice a.s measured my proliferation and IL-2 production (18, 19). This also suggests the total 
ERK antibodies may be more sensitive in detecting phospho-ERK and/or a different type of 
phospho-ERK antibody that is more sensitive may be needed to defect antigen stimulated 
phospho-ERK. 
Several studies have shown that exercise activates the ERK pathway and increases 
phosphorylation in humans and mice in muscle (5, 10, 31, 40, 41). It is possible that exercise 
training may induce similar adaptations in lymphocytes. The mitogen stimulated negatively 
selected cells had sample sizes of exercise (n=3), old control (n=3) a.nd young control (n=4) 
that were too small to make any definitive conclusions. The results indicate exercise training 
may increase phosphorylation of ERK 1 /2. The mean ratio of the exercised aged mice was 
slightly higher than the old control and Less than the mean of the young controls which would 
support previous findings. In addition, the young mice had the highest amount of 
38 
phosphorylation as was expected. It is possible the exercised .aged mice may be approaching 
a level comparable to old. More research is required in order to make definitive conclusions. 
There are several variables that could be altered to provide further insight. For 
example, increasing exercise intensity may increase the amount of phosphorylation. It has 
been suggested that ERK 1 /2 phosphorylation is enhanced with higher intensity exercise 
versus low intensity in skeletal muscle (40). Further, Widegren et al. found exercise can 
produce higher phosphorylation of ERK 1 /2 in the vastus lateralis in elderly men and aged 
animals (5, 10, 31, 42) and regulate gene expression in skeletal muscle (41). These results 
could have implications for similar findings in lymphocytes. 
Increasing the sample size. would provide more flexibility within the experiment and 
allow for more conclusive comparisons. More mice could be used and splenocytes could be 
pooled together to increase the sample amount. Specifically, antigen samples will require 
signicantly more cells in order to investigate phospho-ERK detection following antigenic 
stimulation. 
In addition, there are parameters that could increase the resolution of the bands. An 
additional wash step with phosphotase and protease inhibitors could be included before 
sample buffer is added to ensure all enzymes are inactivated to prevent background 
interference during the imaging process. Using a long format gel as opposed to the mini gels 
used in this experiment will increase separation of the bands, making a third band more 
distinguishable. Further, experimenting with different percentages of acrylamide and bis- 
acrylamide may increase resolution. Experimenting with different primary antibodies from 
different manufacturers that can detect phospho-ERK may determine if one manufacturer's 
antibody is more sensitive in detecting phospho-ERK. 
39 
In future studies, there are several other pathways that could be investigated. The 
ERK pathway was chosen because of its close link to proliferation and IL-2 and an age 
related decline occurs in this pathway. Other possible pathways include the c-Jun NH2-
terminal kinases (TNK) and Ras. 
The findin s of the present study suggest phosphorylation of p44~K and p42~~ is g 
detectable in mitogen stimulated cells that were negatively selected. and may be detected in 
antigen stimulated cells and cells receiving no stimulation as represented by a possible third 
band. Although this study shows no conclusive evidence that exercise increases the amount , 
of phosphorylation of p42~'K and p44~K in aged mice, results show there is a possibility 
that exercise increases phosphorylation. Increased phosphorylation could reduce 
disturbances in signal transduction with advancing age. Improved signal transduction .could 
lead to enhanced T cell responsiveness. Finally, an improvement in T cell function could 
possibly reduce the incidence and severity of infectious disease and decrease the rate of 
morbidity and mortality in the elderly population. 
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